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DIRECTION DETECTION USING A WHEEL
SPEED SENSOR AND EXCITER RING

BACKGROUND

The present application relates to a system and method for
using wheel speed sensor signals in vehicle direction detec-
tion.

Wheel speed sensors are used 1n commercial vehicle air
brake systems for antilock braking and stability control.
Wheel speed sensors transmit a signal i relation to a
rotating exciter ring. The exciter ring 1s made of several
metal teeth that are sensed by the wheel speed sensor to
indicate the speed of the vehicle. Because of the location of
the exciter ring at the wheel end, 1t can be subject to debris
and corrosion. Broken or missing teeth on the exciter ring
can cause incorrect readings. I no wheel speed sensor signal
1s present, errors will be flagged, and the control systems
may not operate.

In some situations, it 1s valuable to know the direction the
vehicle 1s moving. Not all commercial vehicles are equipped
with automatic transmissions that transmit vehicle direction
on a vehicle communication bus. In addition, a vehicle
transmission may be in neutral, but still moving backward
due to positioning of the vehicle on an incline. Using the
wheel speed sensor and exciter ring to determine direction as
well as speed 1s usetul 1n these situations. Accordingly, those
skilled 1n the art continue with research and development
cllorts 1 the field of vehicle system design to improve

methods to determine vehicle direction using wheel speed
sensors and exciter rings.

SUMMARY

In accordance with one embodiment, a direction detection
system for a commercial vehicle comprises at least one
active wheel speed sensor (aWSS) for transmitting signals,
an exciter ring having teeth for inducing a change in the
signals from the aWSS and a controller having control logic.
The control logic receives a first series of signals from the
aWSS, compares the first series of signals to an array of
predefined signals and determines the direction of travel of
the vehicle based on the first series of signals from the aWSS
matching the array of predefined signals. The control logic
then receives a second series of signals from the aWSS and
determines that the exciter ring has at least one anomaly 1n
response to at least one signal 1n the second series of signals
having a first variance. The control logic updates the array
of predefined signals to include a representation of the first
variance to create an array of updated signals and determines
the direction of travel of the vehicle based on a subsequent
series ol signals matching one of the array of predefined
signals and the array of updated signals.

In accordance with another embodiment, a method {for
detecting the direction of a commercial vehicle using a
wheel speed sensor includes receiving a first series of signals
from the aWSS, comparing the first series of signals to an
array of predefined signals and determining the direction of
travel of the vehicle based on the first series of signals from
the aWSS matching the array of predefined signals. The
method further includes receiving a second series of signals
from the aWSS and determiming that the exciter ring has at
least one anomaly 1n response to at least one signal in the
second series of signals having a first variance. The method
turther includes updating the array of predefined signals to
include a representation of the first variance to create an
array of updated signals and determining the direction of
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2

travel of the vehicle based on a subsequent series of signals
matching one of the array of predefined signals and the array
of updated signals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a representation of the direction detection
system.

FIGS. 2A and 2B are a representation of an exciter ring for
use 1n the direction detection system.

FIGS. 3A-3C are a representation of a decision tree used

in determining vehicle direction having an exciter ring of
FIGS. 2A and 2B.

FIGS. 4A-4D are representations of a method of deter-
mining vehicle direction.

FIG. 5 1s a representation of signal output on an exciter
ring having anomalous teeth.

FIG. 6 1s a representation of the life cycle of an exciter
ring.

DETAILED DESCRIPTION

Referring to FIG. 1, a vehicle direction detection system
10 1s 1llustrated. An active wheel speed sensor (aWSS) 12 1s
part of the direction detection system 10. In general, a
vehicle includes at least two active wheel speed sensors, but
may have four, six or more 1f an active wheel speed sensor
1s 1nstalled on every wheel end of the vehicle. For the vehicle
direction detection system 10, a single aWSS 12 could be
monitored. In general, four or six active wheel speed sensors
are monitored, especially 1n a tractor based system.

The aWSS 12 may use the principles of magnetic reluc-
tance, Hall Eflect, or other type of sensing to determine that
an exciter ring 14 1s moving relative to the aWSS 12. In one
example, the aWSS 12 includes a single sensing element
measuring the magnetic reluctance eflect. In another
example, a second sensing element may be used to reduce
signal noise, but the second sensing element would not be
used 1n the direction detection function. The aWSS 12
communicates wheel speed signals and other information
via wire or wirelessly to a controller 16.

For each active wheel speed sensor on the vehicle, there
1s a corresponding exciter ring 14 installed on the moving
portion of the wheel end. The aWSS 12 1s mounted on a
non-rotating portion of the wheel end adjacent to the exciter
ring 14. The exciter ring 14 may include uniform width teeth
around the outer circumierence or may include teeth of
different widths 1n a repeating pattern. The output of the
aWSS 12 varies 1n response to excitation by the teeth of the
exciter ring 14 as the teeth move past the aWSS 12. The
output varies 1n frequency and/or amplitude based on the
pattern of teeth.

The controller 16 includes a processor having control
logic 18. The control logic 18 may include volatile, non-
volatile memory, solid state memory, tlash memory, random-
access memory (RAM), read-only memory (ROM), elec-
tronic  erasable programmable read-only memory
(EEPROM), variants of the foregoing memory types, com-
binations thereof, and/or any other type(s) of memory suit-
able for providing the described functionality and/or storing
computer-executable mstructions for execution by the con-
trol logic 18. The memory of the control logic 18 1s
pre-programmed with at least one predefined array of wheel
speed sensor signals. The wheel speed sensor signals are
correlated with the pattern of teeth on the exciter ring 14.
Therefore, 11 the exciter ring 14 tooth pattern 1s changed, the
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at least one predefined array of wheel speed sensor signals
as stored 1n memory must be changed as well.

When vehicle power 1s on, the control logic 18 receives
a digital signal from the aWSS 12. Changes in the digital
signal are mnduced by the exciter ring 14. The frequency of
the digital signal corresponds to a speed of the vehicle. A
series of signals are transmitted by the aWSS 12, even at
zero speed.

The controller 16 communicates on a vehicle communi-
cations bus 22 with other controllers. The communications
bus 22 may use a standardized format, such as SAE J1939.
Other controllers may include, for example, a stand-alone
brake controller 24 for implementing antilock braking
(ABS) or stability (ESP) control, 1t the braking functions are
not included in controller 16. A display 26 may be connected
to the communications bus 22. An indicator 20, such as a
lamp, may also be connected to the communications bus 22
for indicating warmings or faults in any vehicle system.
Other vehicle controllers, such as an engine controller or a
transmission controller (not shown), may also communicate
information on the communications bus 22. The information
available on the communications bus 22 may include vehicle
operating parameters, such as engine speed.

The controller 16 will output the vehicle speed and the
direction of the vehicle, either forward or backward, on the
communications bus 22 for use by the other controllers.
Other systems that rely on the direction detection system 10
can 1nclude an autonomous yard maneuvering system and a
hill start assist system. The display 26 may show the driver
of the vehicle the direction of the vehicle.

If the direction detection system 10 determines the vehicle
1s moving 1n reverse but the vehicle transmission state 1s 1n
neutral or park, the driver should be alerted. The indicator 20
may be 1lluminated 11 there 1s an error 1n the system. If there
1s an error 1n the direction detection system 10, other vehicle
systems may not operate, such as the yard maneuvering
system.

Therefore, a system for determining vehicle direction
includes at least one active wheel speed sensor (aWSS) for
transmitting signals, an exciter ring having teeth for induc-
ing a change in the signals from the aWSS and a controller
having control logic. The control logic receives a first series
of signals from the aWSS, compares the first series of
signals to an array of predefined signals and determines the
direction of travel of the vehicle based on the first series of
signals from the aWSS matching the array of predefined
signals. The control logic then receives a second series of
signals from the aWSS and determines that the exciter ring
has at least one anomaly 1n response to at least one signal in
the second series of signals having a first variance. The
control logic updates the array of predefined signals to
include a representation of the first variance to create an
array ol updated signals and determines the direction of
travel of the vehicle based on a subsequent series of signals
matching one of the array of predefined signals and the array
ol updated signals.

FIG. 2A shows the exciter ring 14 according to one
example. The exciter ring 14 1s formed from a metallic
material with low magnetic reluctance and high magnetic
permeability, such as ferritic stainless steel, annealed mar-
tensitic stainless steel, carbon steel and 1ron. The exciter ring,
14 includes one hundred teeth 1n a repeating pattern around
the circumierence of the exciter ring 14. The exciter ring 14
1s cast, machined or laser cut to form the teeth. Other
numbers of teeth on the exciter ring are contemplated.

An expanded view of approximately a quarter of exciter
ring 14 1s shown 1 FIG. 2B. The repeating pattern 1s shown
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4

with two types of teeth, a wide tooth 30 and a narrow tooth
32. Prior art exciter rings generally include teeth of all the
same width. In one example, the repeating pattern of teeth
includes a first tooth having a first width (the wide tooth 30)
and a second tooth having a second width (the narrow tooth
32) separated by a gap 34. The second width of the second

tooth 1s less than the first width of the first tooth. In FIG. 2B,

a wide tooth 30 begins the pattern. In the example shown,
the wide tooth 30 1s followed by three narrow teeth 32, 32,
32. Two wide teeth 30, 30 are followed by one narrow tooth
32. A wide tooth 30 and two narrow teeth 32, 32 continue the
pattern. Two wide teeth 30, 30 a narrow tooth 32 then
another wide tooth 30 follow. Two narrow teeth 32, 32 are
tollowed by two wide teeth 30, 30. A narrow tooth 32 and
a wide tooth 30 are followed by two narrow teeth 32, 32 and
two wide teeth 30, 30 and a final narrow tooth 32 to
complete the pattern. This pattern of twenty five teeth 1s
repeated four times around the circumierence of the exciter
ring 14. The pattern as shown 1s specifically designed to
implement the direction capability of this invention. How-
ever, other patterns are contemplated.

Each tooth 1s separated by the gap 34. The gap 34 1s the
same width between every tooth. In another embodiment,
the tooth size can remain the same and the width of each gap
can be varied to create the pattern. In yet another embodi-
ment, both the tooth width and the gap width can be varied
to create the pattern.

The exciter ring 14 can be designed with teeth having
more than two different widths as well. The number of teeth
of different widths that are made part of the pattern will
allect how many teeth are required to be read to determine
the vehicle direction, as will be explained. Two to four
different types of teeth are recommended.

The wheel speed sensor signal output expected from the
exact pattern of teeth on the exciter ring 14 1s programmed
as the predefined array of wheel speed signals into the
memory of the control logic 18.

FIG. 3 15 a predefined decision tree 180 for two types of
teeth 1n a pattern as shown in FIG. 2B. The narrow tooth 1s
defined as having a width of 1.0 and the wider tooth as
having a width of 1.5. From the root, the control logic 18
determines which path to follow based on whether the
control logic 18 identified a narrow tooth 1.0 or wide tooth
1.5. The control logic 18 stays on the selected path until 1t
reaches the terminal decision state of “Forward™ or “Back-
ward”. If more tooth widths were used from the root stage,
the decision tree 180 would have fewer nodes (1.e. fewer
teeth would need to be evaluated) before a direction detec-
tion decision 1s made. For example, with a three diflerent
teeth pattern on the exciter ring 14, the average requirement
1s to only read two teeth belfore interpreting the direction of
the vehicle. However, the resolution of the aWSS signal
must be considered, as there must be suflicient difference 1n
cach of the teeth to allow the control logic 18 to distinguish
the variation consistently. Manufacturing of the exciter ring
14 can also be complicated by having many different vari-
cties of teeth widths. Therefore, an exciter ring tooth pattern
with either two or three different types of teeth 1s preferred.

FIG. 4A shows a method 40 of determining a direction of
a vehicle using the direction detection system 10 of the
present invention. The exciter ring 14 has two diflerent teeth
of two different widths 1n a predetermined pattern, as shown
in FIG. 2B. The algorithm for direction detection 1s run on
startup of the vehicle and until the direction 1s determined.
In another example, the direction detection can be run
continuously.
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The control logic 18 may manage a confidence level in the
operation of various functions of the vehicle that rely on the
direction detection algorithm and the accuracy of reading the
exciter rings. If anomalous teeth are identified frequently,
then the operation of the ABS system may be aflected if
speed cannot be accurately determined, for example. Knowl-
edge of the state of the exciter ring 1s helpfiul in ensuring
proper operation of many functions of the vehicle. In another
example, autonomous functions such as yard maneuvering
needs high accuracy of teeth counting for distance functions.
Even 1 two are three teeth of an exciter ring are missing or
broken, distance calculation 1s detrimentally affected. When
the system 1s mutialized during a first cycle through the
algorithm, the confidence level in the robustness of the
exciter ring 14 1s high.

In step 42, a tooth 1s detected by the control logic 18. The
type of tooth, wide tooth 30 or narrow tooth 32, 1s recorded.
The control logic 18 differentiates the two types of teeth
because the length of the signal output from the aWSS 12
changes.

In step 44, the control logic 18 determines whether the
detected tooth has an anomaly. An anomaly could 1nclude a
broken tooth, a missing tooth, a cracked tooth, the gap
between the tooth filled with magnetic permeable material or
other deformations of the teeth due to corrosion or damage
to the exciter ring 14. An anomaly means that the control
logic 18 cannot determine whether the tooth 1s a wide tooth
30 or narrow tooth 32 as the measured signal does not match
cither the narrow tooth or the wide tooth profile.

FIG. 5 depicts several types of signals that may be
considered normal or anomalous. The signal 200 1s shown as
a series of digital signals from an aWSS 12. Output signal
208 15 1terpreted by the control logic 18 as a normal wide
tooth and represented by 1.5 1n the array. Output signal 210
1s interpreted by the control logic 18 as a normal narrow
tooth and represented by 1.0 1n the array. Output signal 202
represents a section of the exciter ring 14 where the gap 34
between teeth may be filled with a magnetic permeable
material such that the signal 1s longer than a normal wide
tooth signal 208. Output signal 204 represents a section of
the exciter ring 14 where a tooth 1s split 1n the middle such
that the output signal does not match the normal narrow
tooth signal 210. Output signal 206 represents a section of
the exciter ring 14 where a tooth 1s completely missing such
that the output signal remains zero for a longer period of
time than 1s expected by the control logic 18. These anoma-
lies are categorized by the control logic 18 as different
variances and will have diflerent representations 1n an array,
as will be explained.

Returming to FIG. 4A, 11 the control logic 18 determines
that the signal received while reading the tooth 1s anoma-
lous, the method 40 continues to step 56 to begin a method
70 (shown in FIG. 4B) incorporating a low density of
anomalous teeth to determine vehicle direction. The time at
which the anomaly occurs 1s recorded 1n memory so that the
user can learn at what time the potential damage to the
exciter ring 14 occurred.

If the control logic 18 determines that the tooth signal as
read meets the expected pattern, the method 40 continues to
step 46. The decision tree 180 1s set up as multiple nodes 1n
the memory of the control logic 18, where each node
includes a path to direction detection, as shown 1n FIG. 3. In
step 46, the control logic 18 determines whether the tooth
signal as detected 1s the next one 1n one of the paths, thereby
1s an attribute of only one child node. In FIG. 3, a narrow
tooth 1s represented as 1.0 and a wide tooth 1s represented as
1.5, but other representations can be used.
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I1 the tooth signal shape as detected does not follow as one
of the paths as shown 1n FIG. 3 and no anomaly was detected
in 44, then an error state 1s set in step 58 and the method 40
stops. The indicator 20 may be illuminated. The control
logic 18 may send an error message on the communications
bus 22 so that the other controllers know the direction
detection algorithm 1s no longer active.

IT the tooth signal as detected follows one of the paths of
an array in the decision tree 180, the method 40 continues to
step 48. In step 48, the control logic 18 reads the signals to
iterate through a path based on the subsequent signal (e.g. a
wide tooth 1.5 or a narrow tooth 1.0). In step 50, the
direction 1s detected if enough nodes 1n a path are 1dentified
according to the decision tree 180 in FIG. 3.

If the direction cannot be determined yet, the method
moves to step 60 to read more teeth. The method 40 first
returns to step 44 to determine 1 the next signal 1s anoma-
lous before continuing to iterate.

If enough teeth signals are assigned into nodes and the
path reaches a completed direction 1n step 50, the method 40
sets the direction variable (forward or backward) in the
control logic 18 1n step 52. In step 54, the direction detection
method 40 1s ended.

FIG. 4B shows method 70 of determining direction detec-
tion from a low density status of anomalous teeth. In step 72,
the method 70 begins.

In step 74, it 1s determined 1f there 1s more than one
anomalous tooth. If there are no additional anomalous teeth,
the method 70 continues to step 84 where the anomalous
tooth 1s stored as a tooth variant. The anomalous tooth type
can be either inferred using the surrounding pattern or the
control logic 18 can interpret the signal. In other words, a
very wide gap can mean that a wide tooth 30 1s missing.
However, 11 the signal appears as a split tooth, such as shown
in signal 204, the control logic 18 can elect not to store it as
a tooth variant. In one example, 11 there 1s only one 1dentified
anomalous tooth, the control logic 18 may elect to default to

the method 40.

The method 70 then continues to step 86, where the
normal direction detection method 40 1s continued. An array

within the decision tree 180 1s updated to store the anoma-
lous tooth as a new node. The updated array of signals 1s
available 1n the memory for access by the control logic 18.
For example, the anomalous tooth i1s added to the node
pattern as a tooth idenftified as 2.0, but other arbitrary
representations can be assigned as long as it 1s different than
the wide tooth or narrow tooth i1dentification.

I1 the number of anomalous teeth has increased, meaning,
more than a single anomaly has been 1dentified in step 74,
then the method 70 proceeds to step 76 to determine the
variant. In step 78, the method 70 determines 11 there 1s more
than one variant of anomalous teeth, meaning 11 the subse-
quent anomalous tooth causes a different wheel speed signal
pattern than the prior detected anomalous tooth then it 1s a
different tooth from tooth 2.0 and will be assigned a new
identification. If there 1s more than one variant of recognized
anomalous teeth, the method 70 proceeds to step 80 which
begins method 100 on an algorithm for a medium density
state of anomalous teeth as 1n FIG. 4C.

It there 1s not more than one variant of anomalous teeth,
meaning the subsequent tooth creates the same wheel speed
sensor signal output as the prior identified anomalous tooth,
the method 70 proceeds to step 84 where the anomalous
tooth 1s set as a variant and proceeds to step 86 to carry on
the normal direction detection method 40. The confidence
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level 1n the exciter ring 1s set to medium. All functions are
operational using this exciter ring with the modified decision
set.

In FIG. 4C, the method 100 for analyzing a pattern in the
exciter ring 14 1n a medium density state begins 1n step 102.
In step 104, the updated pattern 1s saved 1n a memory. In step
106, the control logic 18 determines 11 the vehicle direction
1s known already from a prior wheel speed sensor input. If
true, the method 100 proceeds to step 110 to output direc-
tion. If the direction 1s not known, the method 100 proceeds
to step 108 to run the low density state detection method 70.

In step 108, the low density state detection algorithm as
in method 70 1s run again until the direction 1s known. The
direction 1s then output in step 110. In step 112, the pattern
of known teeth 1s 1terated until the anomaly 1s the first item
in new pattern tree. In step 114, a tree, similar to the decision
tree 180 1n FIG. 3, 1s constructed with the anomalous tooth
as the root. Each branch of the tree 1s an array.

In another example, the tree pattern 1s rebuilt after a
recalibration event of the vehicle, such as a service event.

In step 116, the control logic 18 determines the minimum
travel until direction 1s determined.

In step 118, the maximum cache size 1s updated as needed
for determining direction detection.

In step 120, the control logic determines 1f high anoma-
lous tooth density 1s detected. It there 1s another exciter ring
tooth having an anomaly 1n such close proximity to already
identified anomalous tooth that the direction cannot be
detected, this situation 1s considered a high anomalous tooth
density. A new branch of the tree must be built from each
newly detected anomalous tooth and a high anomalous tooth
density 1s detected when that branch must be built from a
branch that orniginated from an anomalous tooth. In another
example, when the total number of anomalous teeth detected
exceeds a predetermined limit, such as a total of four
anomalous teeth throughout the exciter ring, a high anoma-
lous tooth density 1s determined. I1 the high anomalous tooth
density 1s determined, then the method 100 proceeds to step
122 to start high density state method 140 as 1in FIG. 4D. It
talse, then method 100 returns back to step 102 to continue
to run the medium density state algorithm 100. The confi-
dence level remains at medium.

In FIG. 4D, the method 140 showing the high density
algorithm 1s shown. In step 142 the high density algorithm
begins. In step 144, the control logic 18 determines if
another anomalous tooth 1s detected. If false, the method 140
continues to step 150. IT true, the method 140 continues to
step 146 to determine 11 1t 1s an anomalous tooth variant that
has already been detected. If the anomalous tooth type has
not already been detected, the method continues to step 148.

If 1t 1s not a new type of anomalous tooth, the method 140
continues to step 148 to wait until the anomalous tooth has
passed. In step 150, the direction detection algorithm 40 1s
run again to determine direction, but the direction detection
may not be reliable until the pattern reads successive non-
anomalous teeth.

In step 152 the worst case performance of the exciter ring,
1s evaluated by the control logic 18. If the worst case
performance 1s greater than a threshold 1n step 154 then the
driver 1s warned 1n step 156. For example, the indicator 20
can be 1lluminated or a message sent to display 26 so that the
user knows that the exciter ring 14 should be replaced. If the
worst case performance 1s less than the threshold, then the
persistent high state 1s set 1n 158. If no direction detection
can be reliably be detected 1n step 150, the system informs
user and the confidence level 1s set at low. Autonomous
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driving and direction detection are likely disabled. The
exciter ring 14 should be replaced.

When the exciter ring 14 1s replaced with an 1identical new
exciter ring, the control logic 18 may eliminate the updated
array from memory. The control logic 18 can learn that a
new exciter ring has been installed based on several rota-
tions of the new exciter ring not exhibiting the anomaly.
Alternatively, a method may be available to the user to send
a program indication to the control logic 18 upon installation
of the new exciter ring.

Therefore, a method for detecting the direction of a
commercial vehicle using a wheel speed sensor includes
receiving a first series of signals from the aWSS, comparing
the first series of signals to an array of predefined signals and
determining the direction of travel of the vehicle based on
the first series of signals from the aWSS matching the array
of predefined signals. The method further includes receiving
a second series of signals from the aWSS and determining
that the exciter ring has at least one anomaly 1n response to
at least one signal 1n the second series of signals having a
first variance. The method further includes updating the
array of predefined signals to include a representation of the
first variance to create an array ol updated signals and
determining the direction of travel of the vehicle based on a
subsequent series of signals matching one of the array of
predefined signals and the array of updated signals.

In FIG. 6, the life cycle 220 of an exciter ring 1s shown.
In the 1n1tial state 222, there are no anomalous teeth on the
exciter ring. The performance of the exciter ring 1s known,
and therefore the confidence level 1s high. The method 40 1s
run to determine direction. In the low anomalous tooth
density state 224, there 1s only one anomalous tooth or 1f
there are multiple anomalous teeth, the anomaly 1s all 1n the
same manner. The confidence level 1s reduced but operation
1s acceptable for all uses. The method 70 1s run to determine
direction. The exciter ring performance 1s predictable and
there 1s no performance impact once the anomalous teeth are
detected and assimilated into the performance.

In the medium anomalous tooth density state 206, there
are multiple anomalous teeth of different variations. There 1s
some performance impact as anomalous teeth constitute
additional edges for the algorithm to interpret. The direction
detection algorithm 100 1s run to determine direction.

In the high density anomalous tooth state 208, there are a
significant number of anomalous teeth and/or anomalous
teeth are 1n close proximity to each other. There 1s perfor-
mance degradation. The direction detection algorithm 140 1s
still running but the direction may take longer to detect. A
segment of the exciter ring 14 having no anomalous teeth 1s
required to be registered by the control logic 18 before
direction 1s reliably detected.

In state 210, the exciter ring 1s to be replaced because of
the performance degradation and multiple errors. Direction
detection can function when one exciter ring does not have
a high or medium confidence level, but ABS and ESP
functions require all of the exciter rings to be at the high or
medium confidence level.

Therefore, this direction detection system 10 1s usable
even when there may be degradation to the exciter ring over
time, such as destruction to the exciter ring teeth. The
condition of the exciter ring 14 can be inferred based on the
number ol anomalies 1 the exciter ring 14 and/or the
confidence level setting.

While the present invention has been illustrated by the
description of example processes and system components,
and while the various processes and components have been
described in detail, applicant does not intend to restrict or 1n
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any way limit the scope of the appended claims to such
detail. Additional modifications will also readily appear to
those skilled 1n the art. The invention 1n 1ts broadest aspects
1s therefore not limited to the specific details, implementa-
tions, or 1llustrative examples shown and described. Accord-
ingly, departures may be made from such details without
departing from the spirit or scope of applicant’s general
inventive concept.

What 1s claimed 1s:

1. A direction detection system for a commercial vehicle
comprising;

at least one active wheel speed sensor (aWSS) for trans-

mitting signals;

an exciter ring having teeth for inducing a change 1n the

signals from the aWSS; and

a controller having control logic, wherein the control

logic:

receives a lirst series of signals from the aWSS,

compares the first series of signals to an array of
predefined signals,

determines the direction of travel of the vehicle based
on the first series of signals from the aWSS matching
the array of predefined signals;

receives a second series of signals from the aWSS;

determines that the exciter ring has at least one
anomaly 1n response to at least one signal in the
second series of signals having a first variance;

updates the array of predefined signals to include a
representation of the first variance to create an array
of updated signals; and

determines the direction of travel of the vehicle based
on a subsequent series of signals matching one of the
array ol predefined signals and the array of updated
signals.

2. The direction detection system as 1n claim 1, wherein
the control logic further:

receives a subsequent series of signals from the aWSS;

determines that the exciter ring has at least two anomalies

in response to receiving a signal having a second
variance; and

updates the array of updated signals to include a repre-

sentation of the second variance.

3. The direction detection system as in claim 1, wherein
the control logic further infers the condition of the exciter
ring based on the number of anomalies 1n the exciter ring.

4. The direction detection system as 1n claim 1, wherein
the control logic further eliminates the array of updated
signals 1n response to the exciter ring being replaced.

5. The direction detection system as 1n claim 1, wherein
the control logic further updates a confidence level in
response to the control logic creating the array of updated
signals.

6. The direction detection system as in claim 5, wherein
the control logic turther indicates to a user that the exciter
ring should be replaced based the confidence level.

7. The direction detection system as in claim 1, wherein

[

the aWSS 1ncludes a single element Hall Effect sensor.
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8. The direction detection system as in claim 1, wherein
the exciter ring has a repeating pattern of teeth of different
widths.

9. The direction detection system as in claim 8, wherein
the repeating pattern of teeth comprises a pattern of a tooth
of a first width and a tooth of a second width, wherein the
second width 1s wider than the first width.

10. The direction detection system as in claim 1, wherein
the control logic further records the time at which the
anomaly 1s detected for use by the user 1n determining when
the anomaly occurred.

11. A method for detecting the direction of a commercial
vehicle using a wheel speed sensor comprising:

recetving a lirst series of signals from the aWSS,

comparing the first series of signals to an array of pre-
defined signals,

determiming the direction of travel of the vehicle based on
the first series of signals from the aWSS matching the
array ol predefined signals;

recerving a second series of signals from the aWSS;

determining that the exciter ring has at least one anomaly
in response to at least one signal in the second series of
signals having a first variance;

updating the array of predefined signals to include a
representation of the first variance to create an array of
updated signals; and

determining the direction of travel of the vehicle based on
a subsequent series of signals matching one of the array
of predefined signals and the array of updated signals.

12. The method as 1n claim 11, further comprising:
recerving a subsequent series of signals from the aWSS;

determining that the exciter ring has at least two anoma-
lies 1n response to receiving a signal having a second
variance; and

updating the array of updated signals to include a repre-
sentation of the second variance.

13. The method as 1n claim 11, further comprising infer-
ring the condition of the exciter ring based on the number of
anomalies in the exciter ring.

14. The method as 1n claim 11, further comprising elimi-
nating the array of updated signals 1n response to the exciter
ring being replaced.

15. The method as 1n claim 11, further comprising updat-

ing a confidence level in response to the control logic
creating the array of updated signals.

16. The method as 1n claim 15, turther comprising indi-
cating to a user that the exciter ring should be replaced based
the confidence level.

17. The method as 1n claim 11, further comprising record-
ing the time at which the anomaly 1s detected for use by the
user 1n determining when the anomaly occurred.
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